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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Water 
Sectional Committee had been approved by the Chemical Division Council 

Three terms are generally used in discussing the conditions of steam as it leaves the steam generator. 
These are, carry over, steam quality and steam purity. 

The term *carry over' refers to any material, solid, liquid or vapour that travels with the steam after leaving 
the steam drum. This is a general expression referring collectively to moisture and impurities present in 
steam. 

The expression *steam quality' is used to refer to the mass of dry steam in a mixture of saturated steam 
and water droplets at the same temperature. 

The term *steam purity' makes reference to the impurities present in steam. The impurities in steam may 
be solid, liquid or gaseous. Solid impurities consist of alkali and alkaline earth hydroxides, chlorides, 
sulphates, phosphates, silicates and sulphites present in the boiler water. Superheated steam may also 
contain iron and copper oxides and free silica. Gaseous impurities, including ammonia, carbon dioxide, 
nitrogen, hydrogen, oxygen and volatile amines may be introduced into the boiler with the feed water or 
may be generated within the boiler: sulphur dioxide, hydrogen sulphide and hydrazine have also been 
reported. Gaseous impurities may also include the vapour phase of certain solid boiler water constituents, 
particularly silica: these are molecularly dispersed in high density steam. 

Thus, as mentioned above, impurities in the steam may be derived from boiler carry over, an inefficient 
steam separators, natural salt solubility in the steam and other factors. An accurate measure of purity of 
the steam provides information which may be used to determine whether impurity concentrations are 
within necessary limits as specified in Central Electricity Generating Board (CEGB), London, U. K. 
and Technische Verainigung'der Grosskraftwerks Bctreiber E.V., Essen, Germany (VGB) recommen- 
dations, so as to prevent damage or deterioration of subsequent equipment such as turbines. 

The composition of the Technical Committee responsiblefor the formulation of this standard is given in 
Annex A. 

In reporting the test result or analysis made in accordance with this standard, if the final value, observed 
or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for rounding off 
numerical values {revised)\ 
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Indian Standard 

STEAM PURITY — METHODS OF 
SAMPLING AND TEST 



1 SCOPE 

This standard prescribes the method of sampling 
and tests for steam purity. 

2 REFERENCES 

The following Indian Standards are necessary ad- 
juncts to this standard: 

IS No, Title 

3025 : 1964 Methods of sampling and test 

(physical and chemical) for water 

used in industry 
3025 Methods of sampling and test 

(Part 35) : 1988 (physical and chemical) for water 

and waste water : Part 35 Silica 

(first revision) 
3025 Methods of sampling and test 

(Part 42) : 1992 (physical and chemical) for water 

and waste water : Part 42 Copper 

(first revision) 
11671:1985 Glossary of terms relating to 

boiler water 

3 TERMINOLOGY 

3.1 For the purpose of this standard, the defini- 
tions given in IS 1 W71 : 1985 shall apply in addition 
to the following. 

3.2 Steam Sampling 

Steam sampling is the withdrawal of a repre- 
sentative portion of the steam flowing through fos- 
sil fired/nuclear steam generator systems or in a 
pipeline by means of a single port or multiport type 
sampling nozzle and delivery of this portion of 
steam in vapour from to an apparatus for analysis, 
or condensed to a container in which the liquefied 
sample may be preserved for subsequent analysis. 

3.3 Isokinetic Sampling 

Isokinetic sampling is a special condition, wherein 
the velocity of steam entering the port or ports of 
the sampling nozzle(s) is the same as the velocity in 
the stream being sampled. 

4 SAMPLING 

4.1 It is essentia! to sample steam as accurately as 
possible in order locorrectly determine the amount 
of impurities including moisture in it. 



4.2 Point of Sampling 

4.2.1 When sampling saturated steam from a 
boiler drum or header arranged with multiple 
tubular connections to a superheater header, 
samples are taken from selected tubes at regularly 
spaced points using single port sampling nozzles. In 
a pipe line where a multiport type sampling nozzle 
is preferred, locations upstream from the first pipe 
bend in the order of their preference are: 

i) vertical pipe, downward flow; 

ii) vertical pipe, upward flow; 

iii) horizontal pipe, vertical insertion; and 

iv) horizontal pipe, horizontal insertion, 

4.2.2 The sampling nozzle shall not be located im- 
mediately after a pipe bend or a valve and shall be 
installed only after a straight run of at least ten tube 

diameters. 

4.2.3 The importance of the sampling line shall not 
be overlooked. The line shall not impart any con- 
taminants to the sample. It shall be of proper 
strength to withstand the drum pressure and shall 
be as short as possible. The inside diameter shall be 
optimised so as to maintain sufficient sampling line 
velocity and prevent solids from settling with sub- 
sequent uneven solids distribution in the sample. 

5 APPARATUS 

5.1 The necessary apparatus for the sampling of 
steam consists of the sampling nozzle(s), tubing, 
necessary valves and fittings and when required 
sample condenser and cooler. 

5,1.1 Saturated Steam Sampling Nozzles 

For sampling saturated steam in tubes at an off take 
connection close to the boiler drum or a header, a 
single port nozzle is recommended. This consists of 
a piece of pipe inserted through the tube wall with 
the port centred and opposing the direction of flow. 
On the other hand, for sampling saturated steam in 
large pipe lines, a multiport type nozzle is recom- 
mended. This specially designed nozzle is inserted 
through the pipe wall extending across the pipe on 
a diameter. The nozzle is provided with cleanly 
driller holes or sampling ports facing upstream in 
the pipe and so spaced that each port represents an 
equal area of pipe section. The number of sampling 
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ports shall be selected according to the internal 
diameter of the pipe. Each port withdraws a portion 
of the main steam equivalent to the area of the 
portion of the pipe in which it is located. Equal size 
ports withdraw equal portions of the sample from 
equal areas of the pipe section and ideally equal 
pressure drop occurs across each of such ports. Also 
the ratio of total port area to the pipe area shall be 
equal to the ratio of the rate of sample flow to that 
of steam flow. Under this ideal condition, the 
velocity of steam entering the sampling ports will 
be that of the steam flowing in the pipe and will 
represent isokinetic flow. 

5. 1,2 Superheated Steam Sampling Nozzles 

For superheated steam sampling, a modified mul- 
tiport type nozzle is used where a small tube is 
inserted into the sampling nozzle for injecting 
water to remove all superheat from the steam and 
to provide a small amount of moisture. The end of 
this tube extends beyond the last port and separate 
external connections are provided for the internal 
tube and for the annulus surrounding it. When the 
modified nozzle is installed vertically through the 
top of a horizontal steam line, or horizontally in a 
vertical steam line with downward flow, water is 
injected through the annulus and the sample is 
withdrawn through the internal tube. On the other 
Jiand, when installed vertically through the bottom 
of a horizontal steam line, water is injected through 
the internal tube and sample is withdrawn through 
the annulus. 

The complete sampling circuit, including the con- 
denser shall be designed to offer a minimum sample 
residence time. If this is not done a high lag time 
occurs between a change in boiler operation and 
the resultant instrument indication. This makes it 
difficult to determine which operating change 
causes the variation in steam purity. 

6 STANDARD TEST METHODS FOR STEAM 
PURITY 

6.1 Use of a steam calorimeter for steam purity 
determinations has been a common practice. This 
instrument is installed in the steam line and is 
valved such that steam can be throttled through an 
orifice to the atmosphere. As the steam escapes, it 
becomes superheated at atmospheric conditions. 
An accurate measurement of the steam tempera- 
ture and barometric pressure permits determina- 
tion of the released steam's enthalpy. If this 
enthalpy matches the enthalpy of the steam in the 
drum at operating pressures and temperature, the 
steam supplied by the boiler is of 100 percent 
quality. 

6.2 If, however, the steam contains moisture, it will 
contain less heat per kilogram when throttled than 



if it was dry. The difference in kPa of the steam at 
the operating pressure and at atmospheric pressure 
represents the energy available for superheating 
the steam and evaporating the moisture. These data 
tnay be used to calculate the percent moisture in the 
wet steam. 

6.3 The following four different approaches have 
been in vogue for determination of the amount of 
deposits forming impurities in steam: 

a) Gravimetric or evaporative method; 

b) Electrical conductivity method; 

c) Sodium tracer method; and 

d) Independent determinations of silica, 
metals and their oxides. 

7 GRAVIMETRIC OR EVAPORATIVE 
METHOD 

The gravimetric or evaporative method involves 
the evaporation of a quantity of steam condensate 
at a temperature below the boiling point and weigh- 
ing of the residue to determine the amount of im- 
purities in the sample. The evaporation process 
may be carried out on a steam condensate sample 
previously collected, or the sample may be taken 
continuously as the evaporation process is con- 
tinued. This method is recommended for those 
situations where an average concentration of im- 
purities over a period of several days ox weeks is 
desired. It is particularly useful for samples in which 
a large percentage of impurities are insoluble, do 
not contain sodium, or do not contribute ap- 
preciably to the electrical conductivity of the 
samples, because the other methods are not satis- 
factory for these conditions. Examples of such im- 
purities are metals and metal oxides. Because of the 
large sample required and period of time necessary 
for evaporating the sample, the method is not ap- 
plicable for transient conditions or when immedi- 
ate results are desired. The method is useful for the 
determination of concentration of impurities of 
0.25 mg/1 or greater when a previously collected 
sample is used and for impurities concentrations of 
0.1 mg/1 or greater when continuous sampling is 
used. Impurity concentrations less than 0.1 mg/1 
may be determined if a continuously flowing 
sample is evaporated for an extremely long period 
of time. 

8 ELECTRICAL CONDUCTIVITY METHOD 

8.1 As the concentration of impurities in steam 
condensate are usually very low, most impurities 
are assumed to be completely dissolved and com- 
pletely ionized. Therefore, the electrical conduc- 
tivity of the condensate sample is a measure of the 
concentration of ionized impurities in the sample. 
Most steam contains gases from decomposition of 
certain substances in boiler feed water and from the 
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addition of chemicals to boiler water or boiler feed 
water for control of corrosion. These gases dissolve 
and ionize in the condensed steam samples. Since 
such gases normally do not form deposits, their 
contribution to conductivity should be eliminated 
by degassing the sample before electrical conduc- 
tivity is measured. 

8.2 When electrical conductivity is used in con- 
junction with an effective mechanical degasser, the 
relationship between electrical conductivity and 
impurity concentration in the sample is linear for 
impurity concentrations down to about 3 mg/L 
Below this value, the relationship ceases to be 
linear because of interference from residual dis- 
solved gases not removed by the degasser, and the 
method is unreliable for impurity concentrations 
less than about 0.5 mg/1. The concentration of these 
gases, remaining in the samples after mechanical 
degassing should be determined and appropriate 
corrections should be subtracted from the 
measured conductivity values. The method is not 
satisfactory for the determination of impurities in 
steam samples that contain volatile amines, large 
percentages of insoluble matter or substances that 
ionize weakly. 

8.3 An ion exchange degasser consists of an ion 
exchange resin column that exchanges hydrogen 
ions for all cations in the sample, thereby eliminat- 
ing all basic dissolved gases, including volatile 
amines, by converting them to water. The ion ex- 
change degasser also converts mineral salts to their 
acid forms by exchanging hydrogen ions for the 
metallic cations, thereby increasing the specific 
conductance of the impurities by roughly three 
times. As a result, the linear relationship between 
conductivity and impurity content is extended to a 
much lower level. The method is very useful for 
measuring low concentration of impurities, such as 
condenser cooling water leakage in steam conden- 
sate, and it is especially useful for indicating small 
or intermittent changes in impurity content from 
some normal value. The method is, however, not 
satisfactory for the determination of impurities in 
steam condensate samples that contain acidic gases 
such as carbon dioxide, large concentrations of in- 
soluble matter or substances that ionize weakly. 
The sensitivity and the accuracy of the method are 
decreased for samples in which hydroxides repre- 
sent an appreciable percentage of the impurities, 
because hydroxides, which contribute to the for- 
mation of deposits, are converted to water by the 
ion exchange resin. This is particularly significant 
when steam is generated at sufficiently high pres- 
sures to cause appreciable vaporization of sodium 
hydroxide from boiler water. 



8.4 A combination of mechanical and ion ex- 
change degassing of steam or condensed steam, or 
both, ensures effective elimination of both acidic 
and basic dissolved gases. Electrical conductivity 
measurement at atmospheric boiling water 
temperature (98.5^C at reasonable altitudes above 
sea level) in conjunction with the above combina- 
tion should be able to extend the linear relationship 
between conductivity and the ionized impurity con- 
tent down to about 0.05 mg/1. Corrected conduc- 
tivity is computed by subtracting theoretical 
conductivity of pure water at this temperature (0.81 
fis/cm) from the measured conductivity. 

8.5 For the combination of mechanical ion ex- 
change degasser arrangement, if the relationship 
between conductivity and impurity content is not 
known, it is determined from the composition of 
boiler water as follows: 

C = 17.0(C1) ± ^^'^(^Q^) ± 9.6(N03) ± 4.8(P04) 

where 

C = the ratio of the corrected con- 
ductivity (in acid Torm) to im- 
purity content at 98.5*^C; 
Cl~,S04;etc = concentration of these anions 
in the boiler water, mg/1; and 
T — total solids in the boiler water 
determined by evaporation, 
mg/1. 

9 SODIUM TRACER METHOD 

9.1 This method utilizes the element sodium as a 
tracer material to determine the amount of im- 
purities in steam. It is assumed that the ratio of 
concentrations of sodium to impurities in steam is 
equal to the corresponding ratio in boiler water. 
The principal advantages of this method are: 

i) the freedom from interferences; 

ii) the ability to measure extremely small con- 
centrations of impurities; and 

iii) the rapid response to transient conditions 
because of the absence of large stagnant 
sample volumes. 

The two methods may be employed for measuring 
sodium content of both steam and boiler water 
samples, namely, flame photometry or sodium ion 
electrode, 

9.2 When the flame photometric method is 
employed for determination of sodium content of 
both steam and boiler water, either continuously 
flowing samples or at least ten separately collected 
sa^nples taken under steady stale conditions are 
used. Sodium concentrations of the separately col- 
lected samples are compared to assure that the 
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steady state conditions existed during the sampling 
period. Samples having abnormally high con- 
centrations of sodium are considered to be con- 
taminated and discarded. A continuously flowing 
sample is a must for the sodium ion electrode 
method. If the impurities are principally sodium 
compounds, impurity concentrations as low as 
5.0 //g/1 may be detected by the flame photometry 
and as low as 0.5 fig/l by the sodium ion electrode 
method. 

10 CALCULATION 

The impurity concentration in the steam samples 
may be calculated as follows: 

where 
St = concentration of impurities in steam, 

mg/1; 
5s = concentration of sodium in steam, mg/1; 
Wt = concentration of total matter in boiler 

water mg/1; and 
Ws = concentration of sodium in boiler water, 

mg/1. 

11 DETERMINATION OF SILICA, METALS 
AND METAL OXIDES 

11.1 Silica and various metals and their oxides are 
impurities that are occasionally present in steam 
and have definite tendencies to form deposits. 
Since they cannot be individually determined using 
gravimetric method or evaporation method and are 
not detected when using electrical conductivity 
method or sodium trace method, it is generally 
advisable to determine their concentrations 
separately, when they are present in significant 
quantities. 

11.2 Aluminium, iron, chromium and nickel shall 
be determined by the method prescribed in 
IS 3025 : 1964, while silica and copper shall be 
determined by the method prescribed in IS 3025 
(Part 35) : 1988 and IS 3025 (Part 42) : 1992 respec- 
tively. 

12 STEAM PURITY REQUIREMENT 

Steam purity recommendations during continuous 
operation and under adverse operation or transient 
conditions of high pressure utility units are becom- 
ing more and more stringent. Tighter limits on 
steam purity are partially necessitated by the ob- 
served low pressure turbine blades and rotor 
damages by stress corrosion and corrosion fatigue 
and partially due to the incomplete data available 



on the transport behaviour of sodium salt im- 
purities in steam. 

Transfer of contamination chemicals and corrosion 
products from. feed and boiler water to the steam 
phase may involve one or more of the following 
processes: 

a) Mechanical carry over of impurities into the 
steam phase; 

b) Differential solubility of contaminant 
chemicals between the two phases; 

c) Chemical reactions taking place between 
the two phases; and 

d) Deposition on the oxide surfaces from the 
steam phase including precipitation from 
the expanding steam. 

The cation conductivity at 25^C shall be less than 
0.3 yus/cm during normal operation. The limiting 
conditions are 03 to 1 /^s/cm for 24 hours and 0.3 
to 0.4/*s/cm for a two-week period. 

The most importantjcationic and anionic limits are 
for sodium and chloride. For normal operations the 
sodium limit has been specified as less than 5 ppb 
so as to guarantee no deposition of sodium 
hydroxide, sodium chloride or any other sodium 
compound in the turbine. The corresponding limit 
for the chloride ion has also been specified to be 
l^s than 5 ppb. If due to some reason or other, 
these limits for Na"^ and Cl~ exceed during normal 
operation, some limiting conditions of operation 
have been specified. In one calendar year or one 
operating year, sodium and chloride should not 
exceed the limit of 20 ppb for any 24 hour operation 
period. For a two-week operating period in one 
calendar year sodium and chloride can range 
between 5 to 10 ppb. 

For silica, a limit of 20 ppb has been existing for 
quite some time. However, as a result of fmding of 
complex silicates in turbine deposits and silica hide 
out phenomenon, this limit has been lowered to 
10 ppb. During adverse operation or transient con- 
ditions, silica may range from 20-50 ppb for 24 hour 
period and can be in the range 10-20 ppb for a 
two-week period. 

A quite stringent limit of less than 2 ppb copper has 
been specified for steam during normal operation. 
No specifications have, however, yet been evolved 
for copper for operation under slightly adverse 
conditions. 
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